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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The carburization approach characterized by performing well-known carburization 
processing after that among the gas ambient atmosphere which has reducibility other than carbon for 
the metal containing the iron element which is the carburization approach of making the metal 
containing an iron element carburizing carbon, and was heated. 

[Claim 2] The carburization approach characterized by performing well-known carburization 
processing for the metal containing the iron element which is the carburization approach of making 
the metal containing an iron element carburizing carbon, and was heated after that among the mixed- 
gas ambient atmosphere of nitrogen gas, ammonia gas, and a hydrogen sulfide. 
[Claim 3] Nitrogen gas is the carburization approach characterized by having set up ammonia gas 
and a hydrogen sulfide setting up the rate of mixed gas to 1 - 5% 35 to 50% 45 to 60% in the 
carburization approach according to claim 2. 

[Claim 4] The carburization approach characterized by setting the ambient temperature at the time of 
well-known carburization processing as 860 degrees C or less in the carburization approach given in 
claim 1-3 any 1 terms. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to heat treatment of the metal containing an iron 
element, and it relates to the carburization approach that a high degree of hardness can be obtained 
by leaps and bounds while it can shorten the carburization processing time. 
[0002] 

[Description of the Prior Art] In the carburization approach of the metal containing iron elements, 
such as the conventional steel liquid carburizing using the salt bath containing pack carburizing to 
which the carbon gas which occurs from charcoal etc. is made to react, or a sodium cyanide — further 
gas carburizing which carries out instillation of the organic system alcohols etc. into a direct 
carburization furnace — or There is the carburization approach called gas carburizing which makes 
the carbon separated from chain-like hydrocarbon gas using the conversion furnace react to the front 
face of the work piece containing an iron element, or the vacuum cementation process which pours 
in direct chain-like hydrocarbon gas into a vacuum furnace. 

[0003] Although these carburization approaches have the description in that approach, respectively, 
they can make the compound of iron-carbon able to form toward this interior of a work piece 
fundamentally from the front face of the work piece which contains an iron element for free carbon, 
and can raise the hardness of the front face of a work piece to about 900 Hv at the maximum by 
formation of the compound of this iron-carbon. 

[0004] However, each of these carburization approaches has the fault that a carburization rate is 
slow. 

[0005] This invention offers the epoch-making carburization approach completed by discovering that 
a high degree of hardness can be obtained by leaps and bounds while being able to shorten the 
carburization processing time substantially by performing carburization processing after setting the 
metal which contains the heated iron element as a result of the experiment which it was made in 
view of the above-mentioned trouble, and was repeated in the gas ambient atmosphere which has 
reducibility other than carbon. 
[0006] 

[Means for Solving the Problem] The summary of this invention is explained with reference to an 
accompanying drawing. 

[0007] It is the carburization approach of making the metal containing an iron element carburizing 
carbon, and the carburization approach characterized by performing well-known carburization 
processing after that among the gas ambient atmosphere which has reducibility other than carbon for 
the metal containing the heated iron element is started. 

[0008] Moreover, it is the carburization approach of making the metal containing an iron element 
carburizing carbon, and the carburization approach characterized by performing well-known 
carburization processing for the metal containing the heated iron element after that among the 
mixed-gas ambient atmosphere of nitrogen gas, ammonia gas, and a hydrogen sulfide is started. 
[0009] Moreover, in the carburization approach according to claim 2, nitrogen gas starts the 
carburization approach characterized by having set up ammonia gas and a hydrogen sulfide setting 
up the rate of mixed gas to 1 - 5% 35 to 50% 45 to 60%. 

[0010] Moreover, in the carburization approach given in claim 1-3 any 1 terms, the carburization 
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approach characterized by setting the ambient temperature at the time of well-known carburization 

processing as 860 degrees C or less is started. 

[0011] 

[Function and Effect of the Invention] This invention summarizes the operation effectiveness 
acquired by the repeated experiment as a claim. 

[0012] Also into the gas ambient atmosphere which has reducibility like the mixed gas of nitrogen 
gas, hydrogen-sulfide gas, and ammonia gas for the metal containing the heated iron element, the 
different element of nonmetal systems other than carbon, such as sulfur and nitrogen, reacts to the 
metal containing an iron element, and a compound layer is formed. 

[0013] Then, if well-known carburization processing is performed to the metal containing this iron 
element, the different element which had combined to the metal containing said iron element will 
increase the affinity of carbon and iron, a carburization operation will be activated, and the degree of 
hardness of the front face of the metal containing the iron element obtained while the carburization 
processing time is shortened substantially will improve by leaps and bounds. 

[0014] Moreover, carburization becomes easy and a degree of hardness, abrasion resistance, etc. can 
be raised also to the metal with which the description of the chemical composition which the 
construction material has checks combination with carbon, and carburization contains the difficult 
iron element like a sulfur free cutting steel (SUM material). 

[0015] Moreover, although the conventional carburization approach was enforced at the 900-1000- 
degree C elevated temperature, according to this invention, deformation (heat who and distortion by 
the self-weight of the work piece of an installation condition) of the work piece [ since carburization 
becomes easy, it is quite more possible than before to fully perform carburization before and behind 
850 degrees C of a low temperature range, and ] at the time of carburization processing can be 
reduced remarkably. 

[0016] Moreover, whether it carries out as a continuous process or does not perform processing 
which a compound layer forms in the metal containing said iron element, and carburization 
processing as a continuous process, they can acquire the same operation effectiveness. 
[0017] Since it is made for this invention to be a ****, it can also obtain a high degree of hardness 
by leaps and bounds while it can shorten the carburization processing time substantially, and it can 
perform carburization also to the metal with which carburization contains the difficult iron element 
conventionally, and serves as the epoch-making carburization approach that deformation of the work 
piece at the time of carburization processing can also be reduced remarkably. 
[0018] 

[Example] A drawing illustrates one example of this invention and explains it below. 
[0019] Drawing 1 is a thing illustrating an example of the gas carburizing furnace used in gas 
carburizing, and consists of the plenum chamber 1 which introduces the work piece containing an 
iron element (Fe), the heat chamber 4 which adjoined this plenum chamber 1 through a door 2 and 3, 
and the cooling room 5 in which said plenum chamber 1 was formed caudad. An inlet-port door and 
the sign 7 of a sign 6 are heating elements among drawing. 

[0020] After introducing a work piece into a plenum chamber 1, a door 2-3 is opened, this work 
piece is introduced into the heat chamber 4 currently heated with the heating element 7, and 
carburization processing is performed to a work piece by this heat chamber 4. 
[0021] The thermo cycle in general carburization processing is shown in the following table 1. In 
addition, "well-known carburization processing" as used in the field of a claim means a in a table 1 . 
[A table 1] 




Hereafter, the carburization approach in this example is explained in full detail. 

[0022] A soak process (beforehand a heat process degree) is first performed to the work piece 
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introduced into the heat chamber 4. In addition, the work piece itself may be heated. 
[0023] In this soak process, nitrogen gas (N2), hydrogen-sulfide gas (H2S), and the mixed gas that 
consists of ammonia gas (NH3) are poured into a heat chamber 4, by the ambient temperature of this 
heat chamber 4, nitrogen and sulfur are isolated from said mixed gas as a different element of a 
nonmetal system, and this nitrogen and sulfur that separated combine with the iron of a work piece. 
A carburization process is performed after ending a soak process. 

[0024] In this carburization process, optimum dose impregnation of the carburization gas is carried 
out instead of said mixed gas at a heat chamber 4. As this carburization gas, chain-like hydrocarbon 
gas or organic system alcoholic gas is used. 

[0025] In this carburization process, although the carbon isolated from carburization gas by the 
ambient temperature of a heat chamber 4 will combine to the work piece, to this work piece, nitrogen 
and sulfur have combined beforehand, and in order for this nitrogen and sulfur to activate a 
carburization operation of carbon, carburization is performed very good. 

[0026] After ending a carburization process, conventionally, the diffusion process and maintenance 
process of a work piece which were carried out are skipped, and a hardening process is performed as 
it is. 

[0027] This hardening process is performed by opening a door 2-3, and once introducing the work 
piece in a heat chamber 4 into a plenum chamber 1, then introducing this work piece to a cooling 
room 5, and cooling with quenching oil. Moreover, if a hardening process is completed, a work piece 
will be again taken out from the inlet-port door 6 via a plenum chamber 1 . 

[0028] Although the temperature is lowered to suitable temperature (generally before or after 850 
degrees C) in a diffusion process or a maintenance process and the hardening process is performed 
after that by the conventional carburization approach since the temperature of a carburization process 
is high (900 degrees C or more) In the carburization approach concerning this example, since the 
carburization temperature itself can be performed around 850 degrees C, it becomes possible to skip 
said diffusion process and a maintenance process, and to progress to a hardening process promptly, 
carburization becomes easy, and, moreover, carburization working hours can be shortened. 
[0029] Moreover, the concentration of the ambient temperature and the mixed-gas component in 
each process, or carburization gas is suitably set up with the raw material (construction material) of 
the work piece to carburize. 

[0030] This example by combining beforehand the nitrogen and sulfur which separated to the work 
piece containing the iron element in front of a carburization process, since it is made to be a **** 
This nitrogen and sulfur can activate a carburization operation, and can perform carburization easily. 
Carburization process time amount is shortened substantially, or carburization concentration is 
raised. Raise the degree of hardness of a work piece by leaps and bounds, or Can perform 
carburization also to the metal containing an iron element like the sulfur free cutting steel whose 
carburization was conventionally inadequate easily, or the heat set up carburization process ambient 
temperature before and after 850 degrees C of a low temperature range conventionally, and 
according to distortion and a self- weight of a work piece — it becomes the carburization approach of 
the metal containing the epoch-making iron element which can reduce whose deformation 
remarkably and which exceeded in practicability extremely. 

[0031] Moreover, in the soak process currently performed in the conventional carburization 
approach, since the nitrogen and sulfur which separated to the work piece can be combined, the 
carburization approach of this example can be adopted easily, without converting most existing 
carburization equipments, and it becomes the carburization approach of the metal containing 
practicability and the iron element which exceeded in modification cost **. 

[0032] The example of an experiment which supports the operation effectiveness of this example is 
shown below. In addition, the carburization approach performed to the test sample adopted the 
carburization approach equivalent to this example. 

[0033] The controlled atmosphere conditions in <example 1 of experiment each process, 
temperature conditions, and the holding time are as follows. [0034] 

Soak process : They are 650 degrees C and a 90-minute carburization process under a mixed-gas 
ambient atmosphere. : As 80 degrees C and 20-minute mixed gas, the thing (nitrogen gas =52%, 
hydrogen-sulfide gas =3%, and ammonia gas =45%) was used in 840 degrees C and 30-minute 
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hardening process:quenching oil under the carburization gas ambient atmosphere. Moreover, as 
carburization gas, methanol gas was used as organic system alcoholic gas (free carbon concentration 
= before or after 0.8%). 

[0035] As a test sample, **SCM415 material (chromium-molybdenum steel: JIS G4105), **SPCC 
material (JIS G 3141), and **SUM21 material (sulfur free cutting steel: JIS G 4804) were used. 
[0036] The condition of the work piece after carburization was judged by measurement of a degree 
of hardness and the depth. Measurement of this degree of hardness is JIS. Z The Akashi Factory 
testing machine is used by the approach according to 2244, and it is JIS. G It judged in the distance 
to the location of the effective effectiveness layer depth (Hv550) which 0557 specifies. 
[0037] An experimental result is shown in the following table 2. In addition, in the example of a 
comparison, nitrogen gas was used instead of mixed gas. 
A table 2] 
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The controlled atmosphere conditions in <example 2 of experiment each process, temperature 
conditions, and the holding time are as follows. [0038] 

Soak process : They aire 550 degrees C and a 60-minute carburization process under a mixed-gas 
ambient atmosphere. : As 80 degrees C and 20-minute mixed gas, the thing (nitrogen gas =52%, 
hydrogen-sulfide gas =3%, and ammonia gas =45%) was used in 860 degrees C and 30-minute 
hardening processrquenching oil under the carburization gas ambient atmosphere. Moreover, as 
carburization gas, the methanol was used as organic system alcoholic gas (free carbon concentration 
= before or after 0.8%). 

[0039] As a test sample, the same thing as said example 1 of an experiment was used. 
[0040] An experimental result is shown in the following table 3. In addition, other conditions applied 
to the example 1 of an experiment correspondingly. 
[A table 3] 
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Hereafter, an experimental result is summarized. 
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[0041] 1 If it guesses from the degree of hardness and the carburization depth of a work piece, by the 
carburization approach of the examples 1 and 2 of an experiment, it will be expected that the work 
piece which has the property of the same degree of hardness as the example of a comparison and the 
depth can be obtained by short-time carburization as compared with the example of a comparison, 
and what can perform carburization inevitably in a short time will be conjectured. If the same time 
amount carburization process as the example of a comparison is performed, carburization 
concentration becomes high and, therefore, a degree of hardness and a wear-resistant high product 
can be manufactured. 

[0042] 2 Like a sulfur free cutting steel, in the example of a comparison (conventional method), 
nonuniformity can arise in carburization, or carburization can be performed good also to the metal 
containing the iron element with which a high degree of hardness was not obtained, and the product 
with which quality with a high degree of hardness exceeded can be manufactured. 
[0043] 3 Moreover, when the deformation and distortion after carburization were investigated, the 
example of an experiment had very little deformation and distortion as compared with the example 
of a comparison. 

[0044] Such effectiveness is effectiveness acquired in order that nitrogen and sulfur may react to a 
work piece in front of a carburization process. Moreover, although the detailed process of activation 
of a carburization operation is not clear, especially the sulfur that separated activates a carburization 
operation and the nitrogen which separated is conjectured whether to have assisted the operation of 
sulfur. 

[0045] Although elements, such as silicon (Si), chromium (Cr), and manganese (Mn), are generally 
contained in the metal containing an iron element, these elements are oxidizing quality elements and 
form an internal oxidation layer in a work piece in the usual carburization ambient atmosphere. 
[0046] Therefore, in a carburization ambient atmosphere like the example of a comparison, the 
element with strong oxygen affinities, such as silicon contained in the work piece, chromium, and 
manganese, will form an oxidizing zone even in the interior of remarkable of a carburization layer, 
and will weaken the carburization capacity of a work piece. 

[0047] Since the sulfur (S) produced from hydrogen-sulfide gas in the examples 1 and 2 of an 
experiment is a reducibility element, on the other hand, by work of this sulfur At the same time it 
weakens the oxidizing quality of an element with said strong oxygen affinity and forms FeS Fe3N is 
formed by work of ammonia gas, and the affinity of iron and carbon can be strengthened, namely, it 
is imagined as what can perform good carburization by the compound layer of FeS or Fe3N formed 
on the surface of a work piece. 

[0048] moreover, setting out of controlled atmosphere conditions, temperature conditions, or the 
holding time — hardness ~ a maximum of « it was able to raise also to Hvl200. 
[0049] In addition, although this example showed how to form the compound layer of FeS or Fe3N 
in a work piece in the soak process in said general carburization processing, and to perform 
carburization processing promptly following this soak process (formation of a compound layer) For 
example, once forming the compound layer of FeS or Fe3N in this work piece by the controlled 
atmosphere conditions same as pretreatment of a work piece as this example, temperature conditions, 
and the holding time and ending heat treatment, it is the same, even if it heats this work piece again 
and performs said general carburization processing etc. 

[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Translation done.] 
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